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LOW-SPEED CHARACTERISTICS IN PITCH OF A. 12° SWEPTBACK
WING WITH ASPECT RATIO 3.9 AND
CIRCULAR-ARC ATRFOIL SECTTIONS

By Robert H. Neely and William Koven
STMMARY

Results are presented of tests made in the Langley 1g-foot
preasure tunmel to determine tho low-speed pitch characteristics
- of a 420 sweptback wing with éircular-arc airfoil sections, an
aspect ratio of 3.9, and a tapsr» rallo of O £25. The effects on
the wing characteristics of sxtensible rouni-nose leading-edge
flaps located on the outboard TQ percent of the -semispan, and of
a fuselage wlth flneness ratlio 10.2 located in low, middle, and
high posltions were Investlgated. The tests covered a range of

Reynolds mumber from 3.09 x 108 to 9.60 x 106,

" The characterlstics of the basic wing from low-spsed considera-
tions were poor. Maximum 1ift coefficlents of ebout 0.85 and 0.95
were obtalined for the plain wing and for the wing with half-span
split fleps deflected 60°, respectively.. Large unstablé variations
in pitching moment caused by tip stalling end appreclable increases
in drag occurred at moderate angles of abtack. The wing with ..:
leadlng-edge flaps exhibited reasonably good characteristics.. The
eddition of leading-edge ilaps Increased Cr, . .10 1.18 for the

wing without split flaps end to 1.52 for the wing with split flaps
- and slimingted the large’ wnstable varistions in pitching moment by
flelaying stalling over the outbosrd sections of tue wing. The
fuselage in any of the three positione produced no large effscts on
the characteristics of the basic wing. For the wing with leading-
edge flaps the pitching-moment werilation near maximum 1ift was
reversed Trom & stable to an wnstable condition by the addition of.
the fuselage in the middle pcsition. Over the range of Reynolds
nuber tested, theve was no appreciable scale offect on the
chara.cteristics of the wing.

. & compairison -of the baslic wing charscteristica with those of
an NACA 6k7-112 swepiback wing with nearly identical plan form
revealed that, from low-speed consilderations, the baslc circular-
arc wing ves decidedly inferlor in most respects to the 64-geries
wing. Wilth leading-edge flape the characteristics of the two

mm—y  UNPLARSIFIED
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wings more nearly approached each other, although the drag of the
circular-arc wing was still consldorebly higher than that of the
6i-geries wing.

INTRODUCTION

The use of sharp leading-edge airfoil sectiong on swept wings
has been contemplated as a means of reducing drag at supersonic
velocitles. Inasmuch as adverse longltudinsl stebllity and stalling
characteristlics on swept wings with conventional profiles have been
encountered at low speed in previous investigations, 1t was consldered
desireble to investigate the low-speed characteristics of a swept
wing with a sharp leading sdge. A series of tests were mede, there=-
fore, in the Langley 19-foot pressure tumnel on & wing having 42°
sweepback at the leading edge and incorporating thin symmetrical
clreular-arc airfoil sections. The wing hed an aspect ratio of 3.9
end & taper ratio of 0.625.. -

The cheracteristics of the basic ving in pitch with and without
50-percent semispan split flaps were obtained from force measurements
-and stell studies over & range of Reynolde-number from 3.09 X 10
to 9.60 x 106, To investigate the possibilities of improving the
characteristics of the wing by means of a leading-edge device, two
types of leading-edge flaps, & flat and a curved flap, of approxi-
mately TO-percent span were tested. The effects of a fuselage in
geveral vertical positions on the characteristics of the wing were
also determined. Aa an ald In eveluating the resulis of this
1nvestigation, the data are compared with the results of tests of
& wing with nearly identical plan-form but incorporating NACA 64,-112

. alrfoil sections (references 1 and 2)
COEFFICIENTS AND SYMBOLS

The data are referred to a set of axes coinciding with the
wind axes. All coefficlents are besed upon the dimensions of the
baslc wing. Pitching noments are computed sbout the gquarter chord
of the meen esrodynemic chord.

CL 1ift coefficient (L/gS)
C : maximm 1ift coefficlent
Lipax

Cp dreg coefficient (D/as)
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C pltching-moment coefficlemt (M/qSG)
R Reynolds number (pf‘.’_“-é/[.r.)-
M, Mach number (V/a)
o | angle of attack of wing chord line -
acy, R .
?1-55 " rate of change of pltching moment w?f.th 1i?f’t f:o:ef?icient
where
L . 1ift
D drag _
M : pitching moment eboub q_uarter chord of neen aefodynamic .
. chord
S | ll-ulwing area g
c’r o mean aerod,ynamic chord measured parallel to the plane
of symuetry (g-/;b/e c dy)
' aisbance from the leading edge of the chord at plane of

o}

symnetry to quarter-chord point of the mean aerodynamic

"b 2 .
chord J cx 4y

x . longitudinal distence, parallel to plene of symmetry,
R . from the leading edge of the root chord to quarter- .
chord point of each section :

c . ;Locé.l chord measursd parallel to the plene of Bymgtry [

¥ spenwise coordinate
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b span

a free-gtream dynamic pressure (%pve)
v free-stream veloclty

p mags density of alr

i) coefficient of viscqsity

8 velocity of sound

MODEL

A gketch of the wing and fuselage 1z presented in figure 1 and
a photograph of the wing is shown in figure 2. The wing had an
agpect ratio of 3.94% and a ratio of tip chord to root chord of 0.0(25,
A straight line connecting the leading edge of the root and
theoretical tip chordas was swept back 42.059., The wing, which was
of solld steel construction, was febricated with a constant radius
of 83.26 inches at each spanwise section in e plane perpendicular
to the line of meximum thickness indlcated in figure 1. Consequently,
the leading and trailing edges were s8lightly curved, the maximun
deviation from a straight line Joining the leading edges of the
root end tip chords being about 0.4 inch. The ailrfoil gections
normel to the line of maximum thickness were gymmetrlcal circulai~
sarc gections having a maximum thickneas at 50 percent chord of 10 per-
cent at the root and 6.4 percent at the tip, (See fig. 1.) Parallel
to the plane of symmetry, the wing had a thiclmess of 7.9 percent
chord at the root and 5.2 percent chord at the tip. The wing was
lacquered and sanded to obtain & smooth surface.

The fuselage was clicular in cross sectlion and had a fineness
ratio of 10.2. The maximum diameter was 40 percent of the root chord.
The center sectlion had removable blocks to permit.attachment to the
wing at three vertical position3. (See fig. l.) Ordinates for the
Tuselage are presented in table I. The fuselage was constiucted of
laminated mahogeny and had a smooth finish,

The model wag provided with 20~percent-chord trailing-edge split
flaps which were deflected €0° from the lower surface of the wing in
e plane normal to the 80-percent (hinge) chord line. (See fig. 3.) For
most oOf the wing-alone tests, these flaps extended over the inboard
50 percent of the wing semlspan, but for the wing-~fuselaga tostas
and for several wing-alone testa & section of each flsp (12.h percent
of the wing semlspan) was removed et the center portion of the wing.
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These two split-flap conflgurations are hereinafter referred to as
continuous and cub~out split flaps.

Two types of leading-edge flape were tested; one was flat in
cross sectlon and the other, curved. A schemetic drawing giving
pertinent dimensions is presented in figure 3 and & photograph of
the leading-edge flap instellations is given in figure 4. The
flaps were of constant chord and extended from the 28-percent to
the 97.5~percent-semispen station. The flaps were approximetely
12 percent chord end 18 percent chord at the inboard and outboard
ends, respectively, and were deflected 37° down from the wing chord
line In a plane perpendiculer to a line Joining the leeading edges
of the root and tip chords. The area of the leading-edge Tlaps
was approximately 10 percent of the wing area. A noge radlus was

obbained by welding = %-inch steel tube to the steel flap and then
fairing to glive a smooth contour.

TESTS

Tests were made in the Langley 19-foot pressure tummel srith
the alr compressed to 33 pounds per square ineh absolute. The °
wing was supported as shown in figwe 2. I1ift, drag, and pitching
mement were measured for the following values of Reynolds number
and Mach number:

R M,
3.09 X 106 0.068
5.32 11k
8.20 .179
9.60 .215

The majorlity of the tests were conducted at Reynolds- numbers
of 3.09 X 106 end 8.20 % 106- Some wing-alone tests were run at

& Reynolds mumber of 9.60 3 106 and the combination of midwing
fuselage and flat-leading-edge flap wes tested at a Reynolds
number of 5.32 X 106, The sball characteristics of most of +the
configurations were studied at a Reynolds mmber of 8.20 X 105, '
but the flat-leading-edge flap configuretlons were Investligated
at a Reynolds number of 5.32 X 106. The stall studies were made
by visual observation and from motlon-picture records of the
behavior of wool tufis attached to the upper surface of the wing
at the 1l0~, 20-, ko-, 60-, 80-, and 90-percent-chord stations.
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CORRECTIONS TO DATA

The data presented herein hdave been corrected for support -
tare and interference effects amd for alr-stream misalinement. ' -
The Jet-boundary correctlions to the angle of attack and drag
coeificient were calculeted from reference 3 and are as follows:

A = 1.00 O
" Ac, = 0.0152 072
p = 0-0152

The correction to the pitching-moment coefficient dus to the tunnel-
induced distortion of the wing loading is '

ACy = 0.004% Cr,
All corrections were added to the data.
RESULTS AND DISCUCZION

. The results of the investigation of the plain wing end the

wing with split fleps (hersinafter referred to as basic wing
configuretions) are presented in figures 5 and 6. These data

are compered in filgure T with daete on the NACA Ghi-series wing

of reference 1. The data Tor the leading-edge-flap tests are glven
in figures 8 to 11, and the resulits of the wing-fuselage investi-
gation are presented in figures 12 to 14. To assist in interpreting
the lift-drag varistions in terms of power-off gliding characteristics,
contours of constant gliding speed and constant vertical (sinking)
speed are superimposed on the lift-drag polars of several configu-
rations in Tigure 15. TFor the constznt speed contours & wing loading
of 40 pounds per square foot wos assumed. The effedts of the leading-
edge flaps and the fuselage on the longitudinal-stability parameter
ggf sre shown in figures 16 and 17. A brief summary of some of

the important characteristics of the wing in verious configurations

is presented in table II.
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, The effects of Reynolds number on the characteristics of ‘the
wing wero swsll over the range investigated. For this reason ‘date
ghowing the effect of Revnolds nunber axre given only for the basic

_wing configur&tion.

Characteristice of Basic Wing

Stal’ing characteristics. The results of the stall studles
are pregented in figure 5. For the flaps-off configuration the Plow
asgumed & spanwise direction towards the tip near the leading edge
of the wing at low 1ift coefficients.’ The reglon of outflow gradually
increased, both spanwise and chordwise, untll &t Cp = 0.5 stalling
began at the lsading edge of ‘the wing tip. The stall then progressed
slowly inward and rearwerd es the angle of attack was increased.

The etaell pattern for the wing with svlit flaps was similar to
that for the plain wing except that the stalling at the tip began
at a higher lift coefficient and extended over a larger portion of
the chord.

Force characteristics.- Data given in figure 6 for Reynolds‘. .

numbers of .3.,09 X 105 and 9.60 » 106 shov that no sppreciable scale .
effects in this Reynolds number range were evidenced for the wing
with elther the split flaps off or on., + moderate to high sngles
of attack the plitching moment was slightly more positive for the
highsr Reynolis number condition. For the plain wing the increase
in Reynolds number caused & reduction in Cr __ of about 0.0k.

. The Wing exhlbited decidedly nonlinear 1ift characteristics.
For' the wing without flaps the lift-curve 5lope increased from a
value of 0.055 at zero 1l1ft to a walue of 0.066 at Or, = 0.55 and
then decreased as the angls of attack was increased. The low 1ift-
curve slope of this wing at low angles of attack is attributed, to
a large degres, to the low aspect ratio of tune wing, inasmuch as the
1ift-curve slope calculated from two-dimensional dsta for a corre-
sponding wmeweot wing of the sems aspect retio is within 10 percent
of the observel slops. The maximum 1ift coefficlents were about 0.55

- Por the plain wing and 0.95 for the wing with eplit flaps. It is of
intercst to note that the maximms 1ift coefficient for the plain
wing was higher by approximately 0.15 than that obtained in two-
dimensional tests of & similar profile (reference k)

The pitching-moment curves of the wing (fig. 6) vere also
nonlinear and the variation of the longitudinalrstab*lity parameter
ac
dc;) with 11t coefficient was larme (fig. 16). In the case of

c/h -
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the plaln wing, at zero lift the slope of the pitching-moment curve
was positive and at Cp ® 0.20 to 0.50 the wing beceame neutrally

stable or slightly stable. 4 lerge unstaeble variatlon of .the
1tching moment cccurred betwesn ‘R 0.50 and and a%
pitening nanen Cp® 050 and Oy, -

a gteble varistion wes obtained. The pltching-moment verlation for the
flapped wing was similar to that of the plain wing. Exemination

of the stall studies (fig- 5) agsoclates the onset of the destebi-
lizing effect with a rough and stalled region at the wing tips.

The drag coefflclents were very high at moderate to high
1lift coefficients. At equal valves. of lift coefficient above 0.6
the drag of the wing with flaps was lower then that of the plain
wing. It phould be pointed out that iniltial stalling begen at a
considerably higher 1lift coefficient fer the wing with split fleps
ag campered witn the plain wing, and consequently the large increases
in drag occurred later. TFrom figure 15 it mey be seen that, for
the agsumed conditionsg, the calculeted ginking speed is high at all
forwerd speeds for both the plaln wing =nd wing with split flaps.

Comparison with Oh-geries wing.- A comparison between the
characteristics of the wing described herein and a wing of nearly

ldentical plan form hut Incoxporeating NACA 634-1-112 alrfoll sections

(reference 1) is presented in figure 7. Tho results show thet the
aerodynamic characteristics of the two wings differ greutly in
several importent respects notwithstanding the near identity in
plan form end that the cheractervistics of the circular-arc wing
are much inferlor to those of the NACA 64 -112 wing.

. The deta show that much higher meximum 117t coefficlents and:
congiderably lower drag coefficilents were reelized for the Gi-series
wing. The flap effectiveness at Cg wag also much greater.

For the Hi-series wing no large chenges in stabllity occurred up to
meximm 1ift, and at maximum 1ift the pltching moment broke in an
ungtable directlon. On the other hand, fairly large chenges in
gbablility through the 1ift range and a atable veriation in the
pitching moment at high angles of attack were noted for the
clrcular-arc wing. The lineer character of the 1ift and pitching-
. moment curves -up to Cy for the 6Gi-serles wing indicates a

different stall progression fram that experienced by the wing with
clrculear-arc sections. For the latter wing, stelling began at a’
relatively low lift coefiiclent at the leading edge of the wing
tipe and gradually spread rearwerd and inboard; stalling in the
cese of the Gh-series wing (reference 1) occurred suddenly near

e S encompasged the entire outer half of the wing.
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Teading-Edge Flap. Investigation

The Porce and stalling characteristics of the wing wers improved
by addition of leading-edge flaps to such an extent that reasonably
good cheracteristics were obtained. The effects on- the characteristics
were nearly the same for either flat flaps or curved flaps.

Torce charascteristics.- The effect of the leading-edge flaps
was to delay separation of the flow to a higher angle of attack.
the 1ift curve, accordingly, was extended until a maximum 1ift
coefficient of approximately 1.18 for the wing without gplit flaps
was atbtained (fig. 8); the shape of the 1ift curve near meximwm 1lift
was very similar to that of the wing without leading-edge fleps. The
nmaximum 1ift coefficient with split flaps wae about 1.52 (fig. 9),
but the 1ift curve broke more sherply at O than was the case

without leading-edge flaps.

The addition of lesding-edge flaps reduced the drag coefficiemt
at 11ft coefficients above 0.4 and 0.65 Por the plein wing and wing
with split flaps, respectively, however, the drag coefficients of the
wing with leading-edge flaps were stlill hizh in the region of maximum
1ift., TIn terms of airplane gliding characteristics (fig. 15) the
leading-edge Flaps, besides reducing the gllding speed coneidersbly,
reduced the sinking speeds at 1ift coefficients correspondling to the
approach condition. The values of sinking speed obtained with
leading-edge flap are, for the assumsd conditions, In excess of the
meximum value of 25 feet per second recommended in rofersnce 5.

The main effects of the leeding-edge flaps on the pltching-
moment characteristics were the elimination of the large docrcass
in gtability at moderate 4o hilgh angles of attack that occurred:
with the basic wing, and a reduction in staplility in the low 1ift

_ d
coefficient range. The variations of E%? . with Cp, for the
/b ‘
wing with and without leading-edge flaps (fig. 16) give some idea of
the magnitude of these changes in stabllity. Above C the

piltching moment of the Wing with leading-edse flaps varieg in a
stable direction.

The characteristics of the circular-arc wing with leading-edge
flaps were quite similar to thoss of the 6&1-112 wing in s sinilar

configuration {(reference 2) with respsct to Cy,. .. and with respect

to the variation of pitching-moment coofficient with 1ift coefficient
at high angles of attack. (See fig. 10.) The drag coefficlents of
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the clrcular-arc wing, however, were conslderably greater than
those of the 64 -112 wing.

Stalling characteristics.- In contrast to the early tip stalling
of the basic wing, stalling of the wing wlth leading-edge flaps
occurred initielly in the region near the rooct (fig. 11), so thst
no loss in stability occurred throughout the 1lift range. At
moderate 1ift coefficilents rough flow originated behind the inboard
end of the leading-edge flap. As the angle of atteck wen increased,
the rough flow spread both inboard end outboerd, while the portion
of the wing directly behind the inboard end of the flap becume
stalled.  The stelled are= then broadened, moving inboard at a
faster rate than it progressed outboard. AL meximum 11t the certer
section of the wing was almost completely stolled. When the oplit
flaps and flat leading-edge flaps were on (fig. ll(b)), the tipe of
the wing stalled at approximately the same time as the root sections
causing a sudden losg in lift after CLmax wes reeched. TFor the

seme condition wlth curved leading-edge flaps on, tip stalling was
not obtained and the stall progression vas pimilar to that shown
in figure 11( ). , _

Effects of Fueelage

Bagic wing.- As shown in figure 12, the addition of the fuselage
in any of ‘the three vertical positioné to the plain wing caused no
large changes in the, wing characteristics. - A slight increase in
CLmax wes obtalned with the high and milwing arrangements. The

increment in drag at zero 118t was about 0.0050 and then deciecszd
at higher 1lifts. As normelly would be expected the fuselage
produced & reasonsble destabilizing eifect tﬁ_oughout tne 1ifg
renge. (See fig. 17.) -

For the wing_with cut-out eplit flaps (fig. 13) the eddition
of the fuselegs, as in the cese of the plairn wing, dild not produce
any unusually large changes 1n the chearacteristics of the wing.

It is evident, however, that the high-wing and midwing arrangements
had bétter 1ift and drag characteristics then eitiier the low-wing.
arrangement or the fuselage-~off condition. Inasmuch as the center
gection of the flaps wes removed for thece tests, the increase in.
1ift end reduction in dreg experienced when the fuselege was in.

the high and midwing positions mey result from alleviation of the
depresdion of the span loading caused by the flsp cut-out. In fact,
the charecteristics for these two arrangements approach those of
the, Tuselage-~off arrangement with the flaps -continuing into the
root section (fig. 9).



NACA RM.No, LTE23 _ 11

~ Wing with leading-edge flaps.- The chardcheristics of the Ea

midving-fugelage combination with flat leading-sdge flaps differed
in several important respects from those of ths -wing without the .
fuselage. (See Tig. 1k.) The maximm 1ift coefficient with Spkit’
flaps off was Irncressed from 1.19 without the fuselagé to 1.k0
with_ the fuselage whereas for the wing with eplit flaps there wes
little changs. The reason for this large difference.in fuselege
effects on the meximum 1ift coefficient of the wing with and without
gpllt flaps is not clear, and insufficient daia ‘are svallable to
analyze fully the effects. The drag coefficients, with split flaps
on and off, were noticeably reduced by the addition of the fuselage.
At very hilgh angles of attack an unstable pitching moment -odcurred
with the fuselage on, in contrast to the gtable wmoment obtained
without the fuselage. The reason for this change in pitching

moment &t high angles of attack can best be explained by refeience -
" to thHe stell studles presented on Tigure 1).. It is epparent that
the fuselage pDrevented the stall from enveloplng the root sections
until finally the wing tips commenced to giell} the %ip stall
produced the unstable pltching moment P evioualy mentioned.

It should be pointed out that date on the NACA €h,-112 wing

in reference 2 suggest the possibility that the afor ementloned
ungtable pitching-morment variation at the stall alght be eliminated
by either a chense in fuselage position or a vednction in the syen
of the leading-edge flap.

CONCILUSIONS

From the results of the investisation in the Lengley 19-foot
pressure tunnsl of a u2° sweptbhack wing with thin symmetricsl
circular-arc alrfoil sectlons, the following conclusgions may e
drawn:

1. The characteristics of the besic wing, from low-gpeed
conslderations, were poor.

2, Maximum 1ift coefficients of about 0.55 and 0.95 were
obtalned Ffor the plain wing and for the wing with half-gpan spllt
flaps, respectively. Large unstable vairiations in pitching moment
caused by tip stalling and appreciable increages in drag occurrsed
at moderate angles of atiack,

3, The wing with leading-edge flaps exhibited reaéonably good
characteristice. The addition of leading-edge flaps increased CI

to 1,18 for the wing without split flaps and to 1.52 for the wing with
split flaps end eliminated the large unstable variations in pitching
moment by delaylng stalling over the outboard sectlons of the wing,
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L. A fuselage located in the low-wing, midwing, and high-wing
positions produced no large effects on the characteristics of the
basic wing. - For the wing with leading-edge fieps the variation
of the pitching moment' near maximum 1ift was reversed from a slable
to an unstable conditlon by the addition of the fuselage in thao
mlddle position. .

. 5. A veristion of Reynolds muber fram 3.09 X 106 to 9.60 % 106
hed no a.ppreciable offec'b on the charactevistics of the wing.

6. A ocmperison of the basic wing characteristics with thane
of a 644-112 sweptback wing with nearly identical plan form revfpaled
that, from low-speed considerations, the clrculer-arc wing was
decldedly inferior-in most respects to ths 6Hi-series wing. With
leeding-edyge flaps the characteristica of the two wings more nsarly
approached gach other, although the drag of the clroular-arc wing
was gbill considerably higher then that of the Gi-serias wing.

Langley Meamorial Aeronautlcal Laboratory
National Advisory Commlttee for Aeronautics
Langley Field, Va. .
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TABIE I.

FUSELAGE ORDINATES

E?imsnsions in 1ncheéﬂ

NACA EM No. LT7E23

Distence behind Fugelage

fuselage nose - dilemeeor
0 0.20
18.00 9.8
22.0% 11.80
27.39 13.80
3L.56 15.60
42.35 16. 60
48.00 16.80
112.00 16.80
122.00 16.32
132.00 1Lk.90
142.00 12.52
151.20 9.46
162.00 4.78

170.95 C

NATIONAT, ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IT

SUMMARY OF THE CHARACTERISTICS OF A CTRCULAR-ARC 42°
SWEPTBACE WING WITH VARICUS FLAPS

Flap CLyax a?g‘;‘;’)‘ o.g';Lc;:ax Cp curve Figté]:'e
g. Wing
W1f
None 0.85 20.0 0.208 o 8
mm°=}__~*//7

Split .95 1.0 .193 ! A ; 9

Flat 1.19 2.k .190 — — §
leading edge

Flat leading 1.53 21.5 216 + —— ; 9
edge and split =

b. Wing-fuselage comblination; midwing position

None _ 0.89 20.0 0.226 /_/\ 12
Split 1.00 17.0 226 t t 13
(cut-out) .

Plat 1.h4o 2.5 202 1k

leading edge __17,//’/‘7\\\J+_
1
Flat leading 1.50 21.5 .130 — 1L
edge and splitg
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Figure 4.- Leading-edge flap installation on 42° sweptback wing.

21






NACA RM No. LTEZ3

08
B4 ¢,

C =083 c=169°

\
Cross flow

Completely

4 stalled

% hmt;enﬂy

(a) Split flaps off.

R= 8.20 x10°

23

04
T 0 Cm
== 04
C_ 8
]
pa
1
% %2

G=095 ®-I50°

(b) Split flaps on. ™™™~
Figure 5 .-Stalling characteristics of a 42° sweptback wing.



NACA RM No. L7E23

o

e

R x 1076

Flapa

2359 |

HNONEO O

Bgad !
oqop 4 |

|
i

! f i N f....ﬁ. .
ﬁ —_ . I}.n‘. l!.r.....L_Iﬂ..._-

. — 0! ) )
- I e N o 4 HU.. I
L] T_iTmI L
, __ - mm. L

ESNNE T AmueriN
iwm

7

L.
i

7

4—

i¥.

CTT

-

[ OO S

(a) G, plotied agailnst ¢ and ¢,

i
R

—
Lo

_"

fe—

Pigure 6 .~ Aorodynemic characteristics of s 42° swapthaok wing with and without aplit flaps,



NACA EM No.

L7E23

25

]

O L e

N

EEEEE EESuaa
L. ¢ :
TR ]
| 14 E-Y S N T .
= > N .
L | 1) MM ! j [
! 23 B30 I
17T o
o mm.. RN
1 _ * L !
i % 8288 | L -.8H
Tl o Aode ] R
e m : T .ewl T
I H t }
MiTm) 1 _ R . A
e Fapes P R
] MH_. oqap L ﬁanﬂ.u .m.
iy (R
: i ! L
n N G @!ﬂ 3
g ] T il xg '} =
- ] ~ :1°
! ') H S e
i . | - U S
- SRR o
_ RO R < S B
| i . 1T ] 8
4_ - L
A O O O Y O O N
Ll W .”JDT.“III._.. o ST N P
ll_.l....._.nil..ll.un..ml..:_ - w . I Y “l—
[ S A _ I . _F
T L A HNERERY _
ﬂln g : _ [ 13 1 : ; _




NACA RM No. LYEZ3

' ' -
e mlme—e s e =
. "

&£,

-
i__l
‘;-.'E;'-
]
o
l_

.
bl
;f-’lﬁ_fﬁ

i
i
ving

LI . I 15T

Ii ;
-
Tt .
1
) L
230
11
¢

{ I

[ S A
[
!

L !

P iy

{a} gy, plotted against a and Q.
T o= Ggplrhon botwesn tho serodmanlo chamataristics of a olrcular-ars and an NACA 511;112

= §.2 x 100,
s e

e ZT T A

_.a’_deg_.l._._. - ..__.l_..__:.

T

R

0

—




NACA RM No. LTE23

g T T 0 - T T 1 T T
T T
A O 1 B Tk
__....L..qml u_ _, i m _ _.
SO I B o T - W T
A . ER T
CRRUP S A wf N
; H | 4 NN
SR R . ! i
bbb I j _

b
L
!
I
L

RN

1
1
b
4
]
i
1
-
!
|
NATIONAL ADVISORY

CONMITTER FOR ACROMAITICS

o

r]-
L

R I AN N (O T

24 2g

Split flaps off *

—O—ztrlmlu are il
—&-bl) ~112 :
i
COTTCLT

1

|
split Mlaps ean -
—{-olreular arpo -
—S—blyy ~202

-

{b) Oy, plotted againgt Cp.

i
G

!
i

a _|
L L a
_ I

[ |

I

1]
!

: Flgure 7 .- Goncluded.

]

. i
W



NACA RM No. LTE23

O > L S A

N
B . t )
|
000 T S SURE BN

+—+ .lTa-fIi.@ R

HATIONAL ADVISORY

|
]
A
]

Curyed .

O off
0O Flat

Fay

Leading-adgoe flap

!
[!
2o o=
A
(n) 05, plotted agalvat o and Cp.

iz

22

x

R = H#.20 x 10

Flgure 8 .~ Asrpdynamic charmotaristics of & 2% sweptback wing with lesding-sdge flaps.

FAL-,

¥,

1




€2HLT "ON WH VOVN

; v
. wgﬁ
| Bt .
! il
= [~
L%
' ) I/ L
y 2 alE
A1 ! 1 a0
| A el '
v .ﬂ/,(r" :
/ /?/
/qr“ . Leading-sdgo flap
i 11 0 off i
B Curved T
I 1/ L '
T }
ﬁ l ,
RN '
o I 2
I ' : ol 1171 AN

(b} Oy plotted against Cp.

Plgure B .- Goaoluded.
O T N OO O O S U SO OO 00 S S I O A 2 O |

514



MR | . I e
’l ...‘: J‘ “
n5 L i
i i @
I_ _ i f' B X ..- - B —.
/ L -k r 3
e o b : T . :
L - R
g . / . =i -_" i 1 -
: ) S B I S : ENIE 3
':9 .H‘ 1 I AP S : % 2 13
] ; . , 1
o " N * _g T 1= F e : iy 1
fe) A\l - ¥ ™
'.." ! [N .
I B 1 N - ,' 1 U.m' ) "
ﬂ_ - = n P FLI yes == — == ~ =1
' Y . | Leading-odgs flap R x 10-6 "
1 ° : off B.20
! 0O Flat 32 . ¥ -
— d A Curved -20 K =
T TR b T B il K KA
P , S . ‘
Pl ! - ; T AN '
i ! ) NATIOMAL ADVISORY
| )  COMMITTER POR ALNGRATICE : E N
i & “
. L HNNE
b . -
: H | 3 .
i Lilla l
I o | ] J ! N !
e v e - T '
[ | é_ i / b . r:[."'i i - p 1221
4_L _ : | ! #ﬁ. | ——t ; i i by 1
L il a2’ {4 N NN L] i | ek werts bty
F— l ~ () Op plotted against ¢ and Gy —i : ;‘”‘; _ i -
i 1 1. R
Hgﬂ 9 .- Aerodynamic charscteristics of a 2% sweptback ®ing with laading-edge flaps and aplit
A08,
L] - = 1] .

0ot

ggdLT 'ON WY VOVN




NACA RM No. L7EZ3

il SO EOURRIVER U o

D Loy
i
!
t
1

i I
1
T
I
[
‘ []
L
L
L
7 [
f_..._
-
|

[l
[
1
f
1
1

!
T
i
1
'
]

l
|
|
|
i
!
. f
—
J

|
1

2=l

i
f

——in]

t
i
1
)
j

!
l
l

=
PR T S OSPR pu
- i T
!
|
|
i
!
[
|
|

AR W

B
L
—_— E--. -:---

4.

I
1
AT
I _Ia...
T
I
L

I
! i
] NN T 1 ENEEEER Ny
! 1 N ! N
o I f e
_ _ : LTS
"_ n..f =} - m

E
L
520
»

]
I
AT
;
EREEES
1

—
)
R x 10-6 -

|
|
.
{

_i._ -
——t
!

i o | NN
. | - B gag -0 -
B i o R S e LR O Y
L] LR A R DN 1z * NN
i . g W.WWUH wi_ S
ot : 2 . Sy S ERA N T
i HNYN 3 ot IR __8 ..
_ BE3E EEUCL T
T F eme B0 LN
. A SRR
] M1“1 i _W,_
. ik _w..q“..., -_"_m....nw.
TR
REEREEYNEN
S
ARNRr
N I A
S T I O O
RN
o
SERRAE
1y
S __,l N
QD
. P A : |
REN L
! b ’
- L SR Y

|

'
i

{v) Cp, plotted acainat Op.

Figure 9 .« Conaluded.




A

1o gharaoterl o and an NACA 8h-112

¥ gure 10 .« Cosparison betwean the serodynam
wing. OJurved isading-sdge flang snd aplit flaps on.

EZHLT "ON WH VOVN




NACA RM No. LTEZ23 33
L6 L6 o~ L&
. /r h B '/
2 = * L2 v * 12
/_j < - ,/ p/}/
— v
3 Pa a Va 8
% AT T N 0 G .8~ 8~ 08
04 y; 7 04
4 -08%m 4 — o 4 | 00m
- e =] 2 |04 Om ] . 04
oL~ g 0 (o) e \ \ _3_2
(4] 8 6 24 32 o 8 16 24 32 o B8 B 24
oc, deg oG, deg CGC,deg
Y Completely Intermitiently
Cross flow ROU#‘ stafled % ./3 stalled
A

L-C=021 0=4.3 1

B7C=113 Cm125 e244”
\a) Split flaps off. (b) Split flaps on.

Figure || ~Stalling characteristics of a 42 sweptback wing with a

0= 136 oce234°

(c) Midwing fuselage and
split flaps on.

flat leading-edge flap R=532x10"



| i { [ : i !
Sssman: I eeeaRCESRRSEEEEESEE
' | [ P
R = 4 H
. ' i | ] 1 Hid 1 k
[L1 4] { ER . nr 1
T
;
- ‘ . [] f..i
r . *
. ' A ]
.‘ T 7| - Wing fuselage 'lognticn ""h -
R ] " 0. Fuselege off ] -
Ll - i gmu E T
|- . ¢ Nigh wing .
: [ . e g
L gy
1 P 1
., ' .. ; N
| ! i | ¥
. : ._S . . ‘!7{ .
f 1= : " NATIONAL ADViSORY , *. )
J_-# i . ,
7 .. - ]
Tt~ T e T =
— ] ] L o
, al T a’ . i S 3'* { E e AL i
T ! i ]
i (n) Cp, plotted againat o axd Cp. i L 4+
1 o= Aerod oha o
- . h“u.;“- : nrﬁ:.;ioo" b 'mz-s.-un of ¢ 12° sweptback wing for seversl wing-fuselage AITAngemALES . : ;
__._JJ_;.._' i . i

88HLTT "ON WY VOVN




35

e
Pl Ea 4
20

1
HATIONAL ADVISORY

|y

Wing fusalags loeation

1

Q Musslage off

n]

" COMMTTEL, FOR ABOMMITICS

o

Low wlng
Nldwing

1]

{ High wing

[

1z

1

|

=

-+

(b} or, plotted against Op.

Fl
—

Flpure 12 ,~ Gottoluded,

R YN O Y O Ot A I

|
|

"?? Ll g

_'.._.‘_




36 NACA RM No. L7E23

.1 " . -
EES N | BARS aRArES
T T8 ]
RN LD Tl P
b o '

=
T
"t
:
NN e

il

O Tuselngs off

Wing fuselags locatlen

a3

— g —p— T 7 -

'T.
i
1
i

as of a 1;2° sweptback wing for ssvoral wing-fusolaga lmnaumat-u.‘“j

(a) G, plotted sgalnat a and G‘.

¢

racterlst
8.20 v 1

R =

3
» Aprodmamic cha

cutout aplit flapn.

]
pure 13

; M

i
5

L
/

[43
.




NACA RM No. L7TE23

‘I‘..l.l_l.. — LilJl _y i |_|l o \“’
m i - | 17 #l N
' A_ ) N\
NN T | U
T | B I I S O B
e e R A S
I AT T ! [ N
: | f i : - N I . PR
I I = H g = . T T
= 1 _m A A
r | - I SO S —_t -

r

RN}

SRR

Wing fuselage locatlon

|.m

TS
: . ]

B
.
i I R

NATIONAL ADVISORY

COMITTEE FOR ARMONAUTKCS

(o) Oy plotted ageinst Gp.

Pigure 13 ,~ Conoluded,







NACA RM No. LTE23 39

¥/
/AR

h, T

SRR RN R R
R d s TR e
T A(fm U _" : ..M om'! 117 l__”.|l _ ..2...,_! —
A I O I+ L 1
T HAY Y =t R
Y e
/. ] o .

]
vj o]
e
=i
I
I
R
Split flaps
off
= do -
catout flap
|

oontlxmous flap

—0O—off
—r—on

——-on
N
§
Bl
’h

LY

o

L

J

——off

r
|.:_:
) I I
R !4
w—v

T
%

|

et
d.

;-—~ Fusalage

}
(b} Cy, plothed mgainst Cp,

i

Figure 1 .- Concludad,




40

NACA RM No. L7EZ3

-
¢ - 11

!
o s iarler!
I Bt LM
[]

aniiitey

R

=

e

ettt
T

N Ny

e
i

i
v

. 50

SRR 2

Ao+ N | ; 41—

140 T _ﬁ 1 4 T
- I\T_MA .. - 1 X +

]

¥

T
. 2e

v sl.n]d.ng' up;.d., )
Ips

.

J’Iv‘:

_/i’_l_ll

e

Ne.

flaps off

0
: 0 flat leading edge Tlaps

y 4 aplit flapa

T da

i3

!
Gpl

__,.!,
f
1]

i ¥ flat leading edge snd split fleps
- N

. v !

N ..J...._+_..m,,,.|-
..1..__ m.mm — I} . >

mph

'311000g apesd, _

T
i

by v
=
|-

COVBILTTEE FOR AHONAITICS
4
2 g
i 1. H : : 4 : i - l | b : .
m STy T T T - _'
olido charmetorlstics of a 420 aweptback wing fow wing loading of L0 pounds Par square

P

. 1120

i

r

3ol

ik

foot.

B et

Plgure L5 -

R N

10!
.
n
N

)

T

I

1Sp. RIS
o S i .— =
L t . b -
- ._ dod - .-“F.nw.- ] ...rl..-- - sHARN

i
SN . S -




NACA RM No. LTEZ3 41

basic wing b
leading-edge flap

leading-edge flap and
midwing fuselage LT

:

b [ [

’ b :
PRl Sl Ses SEEEREPE EESTENTES JEES

L
A i : :

" NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS ~ |

I

B T B Nl ST SEPM

B e e Jt L S DU O S t. e ?ﬁ.m%z i jféz'

L
. H .
Tof i

Plgure l6.- Variation of (dcm/dCL)E/h with 1ift coefficient for a L2°

sweptback wing with and wlthout a flat leading-edge flap.
R = 5.32 x 100.



NACA RM No. L7E23

42

T ThH TF R 5L }_.EEbm:mmu::%E“ ! T
H e Erysfyreszagonaanana ] 5 b s
o S i O HOowig
: : 2w . 2l
! 3 a o YEE
17 Q o0 10 X
: S ow & -2 51
H wa gu [ w -4
IsRemeyEaei 2 Wed - 1
T © gedfE g !
: : 2 ¥y, o
it i A BEG i
H 1 ¥ - ] O o o T W
T m%." shanidiiiy iR a ﬁLHH o
e i g (171 EE
H TH L E 1 At ] 1 X:
T it S w0 o z m.
A T . 1 ! o — L . :
t + " 1.
! 2 1] y
I.A-—L. H K 1 i
i ; . M L _ :
T » ] 1. (1ot sdeas T
iy o Biipt IR
; el _ EiininilE
IS ] . : i
I AT s
b H e T
i m....w £y et ul .
. i H R i
H [t | . P L N
i prH
§ il i
Aaiat R T =B
.
'S
AU o
H 2]
axppl
ﬂnm_ a,
B o~
1 >
o LS
] ol
—~
o
/]

8.2 x 106

with 1ift coefficient for a L2° swept-
R

back wing for several wing-fuselage arrangements.

igure 17.- Variatlon of (dcm/dCL)Eyh

5



F
{

:.l!
=
\

mﬁis

=1
“vmﬁ

|

L

|

-—
-

MES

il

i

! 1
e g 1 e



